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INTRODUCTION 



This booklet includes 4 programs for the 
Hewlett Packard Model 65 programmable calculator. 
These programs transfer the calculation capability 
of 31 scales of the Electro Optical Industries Inc. 
blackbody radiation sliderule to the Model 65 but 
with 5 significant figure accuracy. 

A copy of the manual for the blackbody 
sliderule is included since it defines all terms and 
equations and provides useful examples of the use 
of the equations. 



PROGRAM TITLE: BLACKBODY RADIATION SLIDERULE 

• • • • • 



PROGRAM DESCRIPTION, EQUATIONS, VARIABLES: 

Planck's expression for hemispherical blackbody flux density radiated 
in the wavelength interval Ato A+dAis 



H A = 



1 



ci 



A 5 e c 2/* T - 



[W/cm 2 -gm] 



where T = blackbody temperature (°K) 
c | = 37415 W-/i 4 /cm 2 

c 2 = 14388 

The corresponding expression for photon output is 



Q '= _L . ! 

x x 4 e c 2l vr _| 



[photons/sec-cm 2 -/jim] 



where c-j' = 188365 x 10 18 /im 3 /sec-cm 2 . 

This program computes 

A A oo 

"x- Q xJ «x«.y Q x^- J"x^ 



OO 

f 



Q^dX given A. and T, H 0 _ oo = f 
X 0 



00 

3 / 



dX. 



00 

f 



%-oo - / Q^dA given T, as well as 



T = t c + 273.15 =5/9 (tf -32) + 273.15 given either t c 
(Celsius temperature) or tf (Fahrenheit temperature). 
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In addition, the program computes RMS Johnson noise 



V n = y4RkTAf [v] 

across resistance R ( J2 ) at temperature T (°K) in bandwidth A f 
(Hz), given R. T and Af, as well as photon energy at the maximum 
of H X 

E\ m =4.96511 kT [ ev ] 

given T. where k =8.6171 x 10 -5 ev/°K. 

SAMPLE PROBLEMS: 

1. For a blackbody at 1500°K, find Hq.oo.Qo.^ and E^m- 



Solution: H 0 _ oo =2 


.8704 x 101 


W/cm 2 


O 

o 

8 

II 

'Vi 


.1314 x 1020 


photons/ sec-cm 2 


E\m =6.4177x10-1 


ev 


lOpim 

p 


30fim 

p 




2. Find /iJ^dAand 


j dA. for a 


1000°K blackbody. 


2/im 25^tm 




10/im 

p 


lOjxm 


2/im 


Solution: / H^d\ 


II 

> ' 
Q- 
>> 


T3 

<< 

1 


•/ 

2/im 


0 


0 


= 5.1829 - 


.37830= 4.805 W/cm 2 


30/im 

p 


oo 

p 


00 

/* 


J 


=J H x d * 


- H x dX 


25 /im 


25 


J 

30/im 




= 4.4418 x 1C 


)' 2 - 2.6698 x 10-; 




= 1.7720 x 10-2 W/cm 2 
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3. Calculate V n across a 10 M£2 resistor at 600°C in a 1.5 Hz band. 



Solution: V n = 8.5044 x 10“ 7 Vrms 

30fj,m 

4. For a 2000°K blackbody, calculate 

5fim 




Solution: (refer to diagram) 




30fim oo 

/W Q^dX — total shaded area 



5jim 



Qq-oo + 



00 



5 pm 

-f %dX -f 






30pm 



= 1.2163 x 10 21 - 8.9964 x 10 20 - 1.3419 x 10 19 
= 3.033 x 10 2 ° photons/sec -cm 2 
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REFERENCES: 



H.W. Makowski, “A Sliderule for Radiation Calculations,” REVIEW OF 
SCIENTIFIC INSTRUMENTS, 20, 876 (1949) 



M. Pivovonsky and M.R. Nagel, TABLES OF BLACKBODY RADI- 
ATION FUNCTIONS, Macmillan Co., N.Y. (1961) 
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SAMPLE PROBLEM 1 SOLUTION 



STEP 


INSTRUCTIONS 


INPUT 

DATA/UNITS 


KEYS 


OUTPUT 
DATA /UNITS 


1. 


Enter program card I 




i ir i 




2 


Compute H 0 -oo 




fnr i 






Input T 


1 500°K 


B I| 






Read answer 






2.8704 X 10 1 








cxlj 


W/cm 2 


3. 


Enter program card III. 




r il i 




4. 


Compute Q 0 _„ 




[ l! J 






Input T 


1500 °K 


B 






Read answer 




□L, J 


5.1314xl0 2 o 








C—JEZIZD 


photons/ 

sec-cm 2 


5. 


Compute E Xm 




cur i 






Input T 


1500 °K 


c |P 






Read answer 




L JL 1 


6.41 77 x 10' 1 








r ir i 


ev 








i ji l 










i ji i 










(Z1JL 1 










1 










cm — 1 










: i 










r ~ il i 










L'JL 1 










L_ IL 1 










nr i 










□ri 










ir :r. i 
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SAMPLE PROBLEM 2 SOLUTION 



STEP 


INSTRUCTIONS 


INPUT 

DATA /UNITS 


KEYS 


OUTPUT 
DATA /UNITS 


1. 


Enter program card II 




curz) 






Compute first integral 




□rzi 






Input A 1 and 


2 jim 


□UCZl 






T 


1000 °K 


LIZZl[__l 


.37830 

W/cm 2 




Save answer 




| STO || 4 






Input A 2 and 


10 gm 


L.aiz'i 






T 


1000 °K 


r a if i 


5.1829 

W/cm2 




Subtract first answer 




| RCL || 04 | 






Read answer 




r-i i 


4.8046 

W/cm2 








r ir~i 




3. 


Compute second integral 




L. 'll 1 






Input A, and 


25 jim 


mi"-] 






T 


1000 °K 




-4.4418x10-2 

W/cm 2 




Save answer 




| STO || 4 | 






Input A 2 and 


30/im 


nnr n 






T 


1000 °K 


m u~.~i 


-2.6698xl0- 2 

W/cm 2 




Subtract first answer 




1 RCL 1| 4 






Read answer 




n= jcu 


1 .7720 x 10 ^ 
W/cm 2 








rim 










□zczi 




















c_icn 










□ELD 










CII1CZ1 










L J~1 
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SAMPLE PROBLEM 3 SOLUTION 



STEP 


INSTRUCTIONS 


INPUT 

DATA/UNITS 


KEYS 


OUTPUT 
DATA /UNITS 


1. 


Enter program card I 




l:ji i 




2. 


Convert t c to T 


600 °C 


D 


873.15 °K 


3. 


Input R 


10 


r r if — i 




4. 


Input Af, compute V n , read answer 


1.5 


C II 


8.5044xl0- 7 

^RMS 








r . f ' l 










r — X :j 










1 1C 1 










r jr ' i 










Q 31 .3 










C..JUZ3 










CZUE J 




















r nr 










r. x :□ 










Q.n(r _ i 










r~3LZ] 










C ' .J' ] 




















nn 










L II 1 










r in :□ 










rici 










mn i 










L Jl. J 










i jl ..j 










i "ir i 
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SAMPLE PROBLEM 4 SOLUTION 



STEP 


INSTRUCTIONS 


INPUT 

DATA/UNITS 


KEYS 


OUTPUT 
DATA /UNITS 


1. 


Enter program card IV 




L_"JI J 






Compute last 2 integrals 




Cur i 






Input X 1 and 


5 pm 


nr ii i 






T 


2000 °K 


1 A II 


8.99641x1 0 20 




Save answer 




| STO || 04 | 


photons/ 

sec-cm2 




Input X 2 and 


30 pm 


l—LJL 1 






T 


2000 °K 


1 A 


-1-341 9fx)l 0 1 9 








tZJL_J 


photons/ 

sec-cm 2 




Subtract first answer 




[ RCL || 04 










| - || |j 


•9.1305!x10 20 




Save answer 




f STO || 04 | 


photons/ 

sec-cm 2 


2. 


Enter program card III 




mzzii — i 






Compute first integral 




CZ£ 1 






Input T 


2000 °K 


1 5 


1.2163x 10 21 




Add first answer 




| RCL II 04 I 


photons/ 

sec-cm 2 




Read final answer 




+ || 


3.0327xl0 2 o 








htji — i 


photons/ 

sec-cm 2 








□QU 










C If 1 




















r ic — i 










curu 










L 11 1 










mui i 










CUE 1 










l. ir i 
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HEWLETT-PACKARD'S HP65 
PROGRAMMABLE 
POCKET-SIZED CALCULATOR 




ELECTRO OPTICAL INDUSTRIES' 



MODEL 17 

RADIATION SLIDERULE 
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TITLE 



BLACKBODY RADIATION SLIDERULE I 



SWITCH TO W/PRGM. PRESS jT] I PRGM 1 TO CLEAR MEMORY 



KEY 

ENTRY 


CODE 

SHOWN 




KEY 

ENTRY 


CODE 

SHOWN 




KEY 

ENTRY 


CODE 

SHOWN 


REGISTERS 


LBL 


23 




B 


12 


LBL 


23 


R i 


A 


11 


t 


41 


70 D 


14 




gxjy 


35 07 


X 


71 




2 


02 




t 


41 




t 


41 




7 


07 




t 


41 


X 


71 


3 


03 




gR f 


35 09 


40 1 


01 




• 


83 




X 


71 


7 


07 


1 


01 


R 3 


1 


01 


6 


06 


5 


05 




4 


04 


3 


03 


+ 


61 




10 3 


03 


7 


07 


DSP 


21 


R 4 


8 


08 


EEX 


43 




• 


83 




8 


08 


7 


07 


80 3 


03 




g* *y 


35 07 


-7- 


81 


RTN 


24 


R 5 


-7- 


81 


DSP 


21 




LBL 


23 




f - 1 


32 


4 


04 


E 


15 




LN 


07 


50 RTN 


24 




3 


03 


R 6 


1 


01 


LBL 


23 


2 


02 




- 


51 




C 


13 




— 


51 




X 


71 


X 


71 


5 


05 


R 7 


20 X 


71 


X 


71 


X 


71 f 




X 


71 


f 


31 


9 


09 




X 


71 




T* 


09 




90 4* 


81 


R 8 


X 


71 


1 


01 


D 


14 




3 


03 




3 


03 




RTN 


24 




7 


07 


4 


04 






R 9 


4 


04 


60 5 


05 








1 


01 


6 


06 








5 


05 


9 


09 






LABELS 
A H \ 

R H °- 

c V " 

D tc * T 

P t f ♦ T 


g* t y 


35 07 


EEX 


43 






30 *t~ 


81 


6 


06 






DSP 


21 




81 






4 


04 




DSP 


21 




100 




RTN 


24 


4 


04 






LBL 


23 


RTN 


24 
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h a Ho« 



tc-T tf-T 



STEF 


INSTRUCTIONS 


INPUT 

DATA /UNITS 


KEYS 


OUTPUT 
DATA /UNITS 


1. 


Enter program 




m 


ii i 




2. 


To calculate 




mm 






input wavelength X and 


X (pm) 


t t . ji i 






blackbody temperature T 


T(°K) 


ran 






read 




ran 


Ha 








mm 


(W/cm2-pm) 


3. 


To calculate Hq-oo 




i i 


ii _i 






input blackbody temperature T 


T(°K) 


rracra 






read H 0 -oo 




i i 


ii i 


Ho - CO 








men 


(W/cm2) 


4. 


To calculate V n 




rant i 






input temperature T 


T(°K) 


i. ♦ if i 






input resistance R 


R( 12) 


LZ 


ii i 






input bandwidth A f 


Af (Hz) 


mi i 






read V n 




LZ]L_J 


V n (V) 








mm 




5. 


To calculate T input either 




f ir l 






Celsius temperature t c or 


t c re; 


LZ 


ii i 






Fahrenheit temperature tf 


tf (*F) 


1 E | 






read T 








T(°K) 








mm 






NOTES 




mm 










i 


ii i 




1. 


Memory register Rj-R 9 are unaffected 




mm 






by these programs, and thus may be used to store 




mm 






intermediate results. 




m m 
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TITI P BLACKBODY RADIATION SLIDERULE II 
SWITCH TO W/PRGM. PRESS [ 7 ] 1 PRGM 1 TO CLEAR MEMORY 



KEY 

ENTRY 


CODE 

SHOWN 




KEY 

ENTRY 


CODE 

SHOWN 




KEY 

ENTRY 


CODE 

SHOWN 


REGISTERS 


0 


00 


X 


71 


X 


71 


R 1 c 2 /AT 


STO 3 


33 03 


X 


71 


70 -4- 


81 




STO 8 


33 08 


X 


71 


STO 


33 




+ 


61 


4 


04 


+ 


61 


R2 t 


STO 2 


33 02 




8 


08 




3 


03 




X 


71 


40 -4- 


81 


EEX 


43 




1 


01 


GTO 


22 


6 


06 


R 3 E 


4 


04 


2 


02 


X 


71 




3 


03 




LBL 


23 




RCL 3 


34 03 




10 8 


08 


1 


01 


gx>y 


35 24 


R 4 


8 


08 


g 


35 


GTO 


22. 




gx J y 


35 07 


DSZ 


83 


80 1 


01 




-r- 


81 


RCL 8 


34 08 


LBL 


23 


R 5 


STO 1 


33 01 


RCL 1 


34 01 


2 


02 




• 


83 




X 


71 


CHS 


42 




8 


08 


50 f 


41 




RCL 2 


34 02 


R 6 


gx$y 


35 22 


t 


41 


4 


41 




GTO 


22 




t 


41 




X 


71 




1 


01 




3 


03 


* 


41 


R 7 


20 RCL 1 


34 01 




- 


51 




X 


71 




t 


41 


X 


71 


X 


71 




X 


71 


6 


06 


90 1 


01 


R 8 


1 


01 




+ 


61 




1 


01 




0 


00 




X 


71 




4 


04 




5 


05 


6 


06 


5 


05 


R 9 




81 


60 - 


51 


4 


04 




- 


51 


gR f 


35 09 


EEX 


43 




X 


71 


f-i 


32 


8 


08 


LABELS 

A X H A d * 

B 

C 

D 

E 


6 


06 


LN 


07 


-r- 


81 


30 


51 


X 


71 


DSP 


21 


X 


71 


RCL 8 


34 08 


4 


04 


1 


0 1 


t 


41 


100 R/S 


84 


6 


06 


X 


71 






+ 


61 


t 


41 





12 



5 Hx dA 



STEP 


INSTRUCTIONS 


INPUT 

DATA /UN ITS 


KEYS 


OUTPUT 
DATA /UNITS 


1. 


Enter program 




l 11 1 




2. 


Input wavelength A and 


A(pm) 


r cjl i 






blackbody temperature T 


T(°K) 


l. _.jr 1 




3. 


Compute /H^dA. If positive, 




A 


/H^dA 




answer is f* H x d\ . If negative. 




L 11 i 


(W/cm 2 ) 




answer is - S x H x d\ . 




nn 










[ it. .1 






NOTES 




crir::i 










[ "'JL. 1 




1. 


This program automatically chooses which integral to 




i 1 m 






compute so as to provide in all cases 




C JL . J 






a 5 -significant-figure answer. 




CZJL . J 










[ JLH 




2. 


Since memory registers R 4 - R 7 are not affected by this 




LJLJ 






program, they may be used to store intermediate results. 




r ;iri 










1 11 j 










r ' .11 i 




















r.ir;:”] 




















1 1L_ J 










LlIl^ZJ 




















cznzm 










1 1C □ 










1 ir 1 
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BLACKBODY RADIATION SLIDERULE III 



TITLE 



SWITCH TO W/PRGM. PRESS ID I PRGM 1 TO CLEAR MEMORY 



KEY 

ENTRY 


CODE 

SHOWN 




KEY 

ENTRY 


CODE 

SHOWN 




KEY 

ENTRY 


CODE 

SHOWN 


REGISTERS 


LBL 


23 


4 


04 


7 


07 


R 1 


A 


11 


RTN 


24 


70 3 


03 




gx*y 


35 07 


LBL 


23 


• 


83 




i 


41 


B 


12 


1 


01 


a. 


1 


41 


* 


41 


5 


05 




gB 1 


35 09 


40 f 


41 


+ 


61 




X 


71 


X 


71 




DSP 


21 


R 3 


1 


01 


X 


71 


• 


83 




4 


04 


1 


01 


3 


03 




10 3 


03 


5 


05 


RTN 


24 


R 4 


8 


08 


2 


02 


LBL 


23 




8 


08 


0 


00 


80 E 


15 




gx ty 


35 07 


4 


04 


3 


03 


R 5 




81 


EEX 


43 


2 


02 




f " 1 


32 


7 


07 


- 


51 




LN 


07 


50 X 


71 


5 


05 


R 6 


1 


01 


DSP 


21 


X 


71 




- 


51 




4 


04 




9 


09 




X 


71 


RTN 


24 


— 


81 


R 7 


20 X 


71 


LBL 


23 


D 


14 




X 


71 


C 


13 


RTN 


24 




X 


_ 7 1 


2 


02 


90 




R 8 


1 


01 




3 


03 










8 


08 




3 


03 








8 


08 


7 


07 








R 9 


3 


03 


60 . 


83 








6 


06 


3 


03 








5 


05 


-5- 


81 






LABELS 

A 

R Q °-°° 

c EAm 

n tc* 1 _ 

F t f -»T 


EEX 


43 


DSP 


21 






30 1 


01 


4 


04 






8 


08 




RTN 


24 








gx*y 


35 07 


LBL 


23 


100 






81 


D 


14 






DSP 


21 




2 


02 



14 



Q\ 0>x E Am tc-*T tf-*T 



STEP 


INSTRUCTIONS 


INPUT 

DATA /UN ITS 


KEYS 


OUTPUT 
DATA /UNITS 


I. 


Enter program 




czir - 




2. 


To calculate 




1 "□ 






input wavelength A and 


X(pim) 


□EJQX1 






blackbody temperature T 


TCK) 


LjGCZII 






read Q ^ 




C3EU 


<?A 








r . ii j 


(photons/ 

sec-cm2-f*m) 


3. 


To calculate Q 0 .oo 




cr.ir i 






input blackbody temperature T 


TCK) 


Cs 11 1 






read Qo-oo 




1 Jl 1 


Qo -co 








lzx — i 


(photons/ 

sec-cm2) 


4. 


To calculate E ^ m 




czir — i 






input blackbody temperature T 


TOO 


Li. If l 






read E * _ 
A m 




LT~1! 1 


E A m («v) 








rrirn 




5. 


To calculate T input either 




I JL 1 






Celsius temperature t c ' or 


‘c CC) 


1—2. JL 1 






Fahrenheit temperature tf 


tfCF) 


□Til 1 






read T 




CTIf 1 


TOO 








LUX i 






NOTES 




1 IL 1 










czdct i 




I. 


Memory registers Rj-R 9 are 




CULL 1 






unaffected by these programs, and 




1 






thus may be used to store intermediate results. 




L_ Jl 1 










L_ II 1 










1 — IL 1 
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TITLE 



BLACKBODY RADIATION SLIDERULE IV 



SWITCH TO W/PRGM. PRESS jT] I PRGM i TO CLEAR MEMORY 



KEY 

ENTRY 


CODE 

SHOWN 




KEY 

ENTRY 


CODE 

SHOWN 




KEY 

ENTRY 


CODE 

SHOWN 




REGISTERS 


0 


00 


2 


02 






81 




R 1 C2/AT 


STO 3 


33 03 


4 


04 


70 STO 


33 




STO 8 


33 08 


- 


51 


+ 


61 




+ 


61 


X 


71 


3 


03 




r 2 t 


STO 2 


33 02 


X 


71 


EEX 


43 




X 


71 


40 4 


04 


6 


06 




1 


01 


8 


08 




X 


71 




R 3 E 


4 


04 


4- 


81 


RCL 3 


34 03 




3 


03 


GTO 


22 


g*> y 


35 24 




10 8 


08 


2 


02 




GTO 


22 




R 4 


8 


08 


LBL 


23 


1 


01 




y 


35 07 


1 


01 


80 CHS 


42 




-e 


81 


g 


35 




LBL 


23 




R 5 


STO 1 


33 01 




DSZ 


83 




2 


02 




• 


83 


RCL 8 


34 08 


RCL 2 


34 02 




8 


08 


50 RCL 1 ; 


34 01 




4 


41 




R 6 


7 


07 


X 


71 


4 


41 






35 22 


4 


41 


X 


71 




GTO 


22 


4 


41 


X 


71 




R 7 


20 1 


01 


1 


01 


X 


71 




RCL 1 


34 01 


- 


51 


6 


06 




4 


41 


4 


41 


90 3 


03 


R 8 n 


4 


41 


i 


X 


71 




2 


02 




4 


41 


1 


01 


4 


04 




X 


71 


+ 


61 


2 


02 




R 9 used 


9 


09 


60 gx t y 


35 07 




EEX 


43 




0 


00 


f-1 


32 


6 


06 






81 


■ 


LN 


07 




X 


71 


LABELS 

A f^ X j 

B 

C 

D 

E 


1 


01 


X 


71 


DSP 


21 


30 


51 


RCL 8 


34 08 


4 


04 


X 


71 


4 


41 


R/S 


84 


8 


08 


4 


41 


100 gNOP 


35 01 


+ 


61 


X 


71 








X 


71 


X 


71 
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/Q a cU 



STEP 


INSTRUCTIONS 


INPUT 

DATA /UN ITS 


KEYS 


OUTPUT 
DATA /UNITS 


I. 


Enter program 




L_ Jl 1 




2. 


Input wavelength X and 


X(nm) 


r ♦ ii i 






blackbody temperature T 


TOC) 


r — ir— i 




3. 


Compute fQ x d\. If positive, 




; a H 1 


ZQ x dA 




answer is Sq dX . If negative, 




L. JL 1 


(photons/ 

sec-cm 2 ) 




answer is — J* Q x dX . 




L Jl 1 










□""JL. J 






NOTES 




j 










mu i 




1. 


This program automatically chooses which integral 




dzjr — i 






to compute, so as to provide in all cases a 5-significant- 




LUL J 






figure answer. 




cjn 










r t — i 




2. 


Since memory registers R 4 - R 7 are not affected by this 




r ir i 






program, they may be used to store intermediate results. 
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NOTES. 



NOTES: 




CRYOGENIC VACUUM 
BLACKBODIES 




THERMOELECTRIC 

DIFFERENTIAL 

BLACKBODIES 




COLLIMATORS 
1 inch to 12 inches 



f ■ I 

* ^ if W 5. 



■B; 



SPECTRUM ANALYZER 
1Hz to 50kHz 



PREAMPLIFIER 
low impedance 




SPECTRORADIOMETERS 
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electro optical industries. 






